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In this issue, Baumann et al. (2007) identify a helicase PICH that localizes to “threads” that 
remain connected between sister kinetochores after they have separated in anaphase. 
These threads are thought to be catenated centromeric DNA. PICH contributes to the 
mitotic checkpoint by recruiting Mad2 to kinetochores and is proposed to regulate check-
point signaling by monitoring tension at centromeres.Accurate  chromosome  segrega-
tion depends on the proper attach-
ment  of  chromosomes  to  spindle 
 microtubules.  Kinetochores—pro-
teinaceous  structures  that  are 
associated  with  centromeric  het-
erochromatin—are  assembled  on 
both  sister  chromatids  to  allow 
chromosomes  to  be  captured  by 
microtubules  emanating  from  the 
two  opposite  spindle  poles.  The 
stochastic  nature  by  which  highly 
dynamic  spindle  microtubules 
attach  to  chromosomes  requires 
that  the  centromere-kinetochore 
complex be able  to  capture micro-
tubules  and  discern  the  quality  of 
the  kinetochore-microtubule  inter-
action. Once kinetochores establish 
bipolar  connections,  the  polymeri-
zation  and  depolymerization  of  the 
attached  microtubules  produces 
a  series  of  oscillatory motions  that 
result in their alignment at the spin-
dle  equator.  Coordinating  micro-
tubule  dynamics  at  sister  kineto-
chores  requires  that  each  knows 20  Cell 128, January 12, 2007 ©2007 Elswhat  the  other  is  doing  despite 
being physically separated by what 
is  a  vast  stretch  (1  µm)  of  centro-
meric chromatin. Presently, approx-
imately 100 different proteins of the 
centromere-kinetochore  complex 
have been  identified, and many are 
now  known  to  be  directly  involved 
in  microtubule  attachment  and  in 
quality control of these attachments 
(Chan et al. 2005).
Plk1 (Polo) is the founding member 
of  an  evolutionarily  conserved  fam-
ily of mitotic kinases that participates 
in centrosome and spindle  functions, 
regulation  of  chromatid  cohesion, 
kinetochore  functions,  and  mitotic 
exit  (Barr  et  al.  2004).  Plk1  contains 
a  phospho  binding  motif,  called  the 
Polo-box domain  (PBD),  that  recruits 
it to proteins that are phosphorylated 
at a specific consensus site (Elia et al. 
2003). To  identify proteins that asso-
ciate with the PBD of Plk1 in mitosis, 
Baumann and colleagues (2007) used 
this domain to probe for proteins that 
associate  with  Plk1.  This  led  to  the evier Inc.identification of PICH (Plk1 interacting 
checkpoint helicase), which was sub-
sequently found to  localize to kineto-
chores. Immunofluorescence staining 
revealed  that  in  prometaphase  cells, 
PICH  was  mostly  concentrated  in 
between kinetochores.  In metaphase 
cells, PICH was localized to numerous 
short threads that stretched between 
sister kinetochores of the aligned chro-
mosomes. This pattern at first glance 
was  reminiscent  of  the  chromosome 
passenger  complex  (Vagnarelli  and 
Earnshaw  2004),  which  also  under-
goes  a  dramatic  relocalization  from 
the  inner  centromere  to  the microtu-
bules  within  the  spindle  midzone  at 
the onset of anaphase. The surprising 
difference was that the PICH threads 
do not appear to be microtubules and 
seem  to  connect  sister  kinetochores 
well  after  the  chromatids  have  sepa-
rated. Although the number of threads 
progressively decreased as anaphase 
ensued,  the  length  of  the  threads 
increased  as  the  chromatids  moved 
farther apart from each other.
What  are  these  threads,  and  why 
have  they  not  been  seen  before? 
Numerous  lines  of  evidence  sug-
gest  that  the  threads  reflect  centro-
meric  chromatin  that  is  stretched 
between  sister  kinetochores.  First, 
PICH belongs  to  the SNF2  family  of 
helicases  that  are  involved  in  chro-
matin organization (Flaus et al. 2006), 
and its localization to the kinetochore 
threads  depends  on  the  helicase 
domain. Second,  the thread staining 
pattern is sensitive to DNase but not 
RNase.  Third,  removal  of  cohesins 
resulting  in  premature  separation  of 
chromatids accentuated  the number 
and length of the threads between the 
separated sister kinetochores. Fourth, 
resolution of the threads in anaphase 
depended on topoisomerase II activ-
ity. Although the data are consistent 
with the presence of chromatin in the 
threads, direct evidence showing the 
presence of DNA or histones is lack-
ing,  because  their  amounts  may  be 
too low to be visualized directly.
Regardless of whether the threads 
contain  chromatin,  it  is  remarkable 
that they can remain tethered to sis-
ter  kinetochores  well  after  chroma-
tids have separated. This observation 
suggests that complete separation of 
the centromere may not occur when 
the  cohesins  are  degraded  at  the 
metaphase-to-anaphase  transition. 
Instead, the PICH threads may be the 
last physical linkages that hold chro-
matids  together, and  their  resolution 
depends on topoisomerase II in ana-
phase.  This  finding  can  explain why 
topoisomerase  II  activity  is  needed 
during anaphase in the budding yeast 
(Shamu and Murray 1992).
PICH,  however,  does  not  appear 
to  play  a  role  in  centromere  cohe-
sion. Cells depleted of PICH show no 
indication  of  premature  chromatids 
separation,  and  indeed  the  chromo-
somes  are  able  to  establish  bipolar 
attachments  and  achieve  metaphase 
alignment, provided they are given suf-
ficient time (although the quality of the 
attachments  remain  to be examined). 
The  formation  of  PICH  threads  may 
be  linked to the  loss of cohesions, as 
thread formation is accentuated when 
cells  are  depleted  of  hSgo1  (which 
prevents  the  premature  degradation of  cohesins).  If  cohesins  hold  sister 
chromatids together by forming a ring 
around them (Gruber et al. 2003), PICH 
maybe highly compacted by this ring. 
Loss of cohesins at the metaphase-to-
anaphase onset,  along with poleward 
separation  of  the  chromatids,  would 
help release the PICH threads. Thread 
formation is complex, as it is not sim-
ply an uncoiling event but depends on 
tension exerted between the separated 
sister  kinetochores.  When  the  micro-
tubule stabilizing drug taxol was used 
to  suppress microtubule  dynamics  in 
cells depleted of hSgo1, PICH threads 
were no longer detectable. It is unclear 
whether  loss  of  tension  prevented 
PICH  from  binding  to  the  threads  or 
that thread formation itself is sensitive 
to tension. It is also unknown whether 
topoisomerase II is involved in mediat-
ing the loss of PICH threads. This point 
is important because during anaphase, 
the  reduction  in  kinetochore  tension 
along  with  the  biochemical  changes 
that accompany anaphase onset may 
make  the  threads  sensitive  to  topoi-
somerase II action.
The  significance  of  the  tension-
sensitive  PICH  threads  may  best 
be  appreciated  from  the  standpoint 
of  its  role  in  the  mitotic  checkpoint. 
PICH-depleted cells exit mitosis pre-
maturely.  They  also  failed  to  arrest 
in  mitosis  when  treated  with  drugs 
that  disrupt  kinetochore-microtubule 
attachments.  Failure  of  the  check-
point can be attributed to the inability 
of  kinetochores  depleted  of  PICH  to 
recruit  the  checkpoint  protein Mad2. 
How  PICH  (located  between  kineto-
chores)  specifies  Mad2  recruitment 
to  kinetochores  remains  an  impor-
tant  question.  The  authors  propose 
that  centromere-associated  DNA 
(bound by PICH) is somehow involved 
in  regulating  checkpoint  activities  at 
the  kinetochore.  They  envision  that 
PICH may act as a tension sensor on 
centromeric  chromatin,  and  PICH’s 
effects on Mad2 binding is affected by 
the degree of stretching of that occurs 
when  the  kinetochore  is  attached 
to  microtubules.  During  promet-
aphase, when  kinetochores  have not 
yet  established  bipolar  connections, 
centromeres  are  not  under  tension, 
and PICH creates conditions that are Cell 128permissive for kinetochores to recruit 
Mad2  and  promote  the  production 
of  the  “wait  anaphase”  signal.  Once 
stable bipolar attachments are estab-
lished,  the  tension-induced  redistri-
bution  of  PICH,  which  they  propose 
to  reflect  stretching  of  the  catenated 
centromere, blocks Mad2 recruitment. 
This model  is  conceptually  similar  to 
the one proposed  for Sgo1, which  is 
thought to monitor tension at the site 
of microtubule attachment.
As  an  extension  of  their model,  it 
is  possible  that  PICH  contributes  to 
the stiffness of the centromeric chro-
matin  that  is  sandwiched  between 
the kinetochores. The stiffness of the 
centromere determines the amount of 
resistance  an  attached  kinetochore 
experiences.  This  in  turn  could  alter 
the molecular structure of the kineto-
chore in ways that affect Mad2 bind-
ing. The catalytic activity of PICH may 
change the stiffness and thus provide 
continual  feedback  to  kinetochores 
during  chromosome  alignment.  At 
the  metaphase-to-anaphase  transi-
tion,  inactivation  of  PICH  may  relax 
the centromeric  chromatin  so  that  it 
can be stretched into threads.
Identifying the nature of the threads 
and  their  connection with  tension at 
the kinetochore is the next challenge. 
This may be facilitated by examining 
the biochemical  and molecular  con-
nections  between  PICH  and  other 
proteins  of  the  centromere-kineto-
chore complex.
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